There is little evidence on whether non-steroidal anti-inflammatory drugs (NSAIDs) and aspirin interact in secondary cardiovascular prevention in type 2 diabetic patients. This is an observational study using data from the Action to Control Cardiovascular Risk in Diabetes and Follow-on studies. Hazard ratios (HRs) for mortality with 95% confidence intervals (95% CIs) were calculated using Cox proportional hazard models to compare time to death in patients using and not using aspirin who were simultaneously using or not using NSAIDs. A total of 3600 type 2 diabetic patients with cardiovascular disease were included. During a mean follow-up period of 8.8 years, 948 patients died. After adjustments, the risk of all-cause mortality in patients not using NSAIDs was significantly lower in those using aspirin than in those not using aspirin (HR, 0.81; 95% CI, 0.70-0.93; P = 0.004). The risk in patients using NSAIDs did not differ significantly between the two groups. There was a significant interaction between aspirin use and NSAIDs use. In type 2 diabetic patients with cardiovascular disease, aspirin use was not beneficial for those using NSAIDs.
| INTRODUCTION
The benefits of aspirin use in patients with a history of cardiovascular disease are well-established in the secondary prevention of cardiovascular events. 1 Non-steroidal anti-inflammatory drugs (NSAIDs), including nonselective and cyclooxygenase (COX)-2-selective NSAIDs, increase the risk of cardiovascular and gastrointestinal events. [2] [3] [4] In addition, a previous study had suggested that both nonselective and COX-2-selective NSAIDs increase the risk of death in patients with a history of cardiovascular disease. 5 Moreover, there are pharmacodynamic concerns regarding concomitant use of NSAIDs in patients using aspirin because nonselective and COX-2-selective NSAIDs, such as ibuprofen and celecoxib, may block the access of aspirin to the acetylation site of platelet-expressed COX-1. 6, 7 However, the clinical data regarding this interaction are inconsistent. Therefore, the aim of this study was to assess whether the concomitant use of aspirin and other NSAIDs may adversely affect the risk of mortality in diabetic patients with a history of cardiovascular disease. Because aspirin and NSAIDs may be associated with non-cardiovascular events such as cancer and gastrointestinal events, for example, gastrointestinal bleeding and renal failure, we further evaluated the associations between concomitant use of aspirin and NSAIDs and both cardiovascular and non-cardiovascular mortality.
| MATERIALS AND METHODS

| Study design and patients
We used data from the Action to Control Cardiovascular Risk in Diabetes (ACCORD) 8 and the Action to Control Cardiovascular Risk in Diabetes Follow-on (ACCORDION) 9 studies to assess whether aspirin use is equally effective in type 2 diabetic patients with a history of cardiovascular disease who are using and not using NSAIDs. NSAIDs in the present study did not include aspirin. The study design and patient characteristics of the ACCORD and ACCORDION studies have been previously reported. In the present study, we limited inclusion to patients with a history of clinical cardiovascular disease (n = 3611), which was defined as myocardial infarction, angina pectoris, coronary revascularization including coronary artery bypass grafting and percutaneous coronary intervention, stroke or other revascularization, such as carotid artery revascularization and peripheral artery revascularization. Patients with missing information regarding the use of aspirin and NSAIDs were excluded (n = 11), which resulted in a final sample of 3600 patients. The institutional review board of the National Center for Global Health and Medicine approved the present study. The National Heart, Lung, and Blood Institute (NHLBI) approved the use of ACCORD data.
| Outcomes and measurements
The primary outcome was all-cause mortality. Secondary outcomes were cardiovascular and non-cardiovascular mortality and major adverse cardiovascular events (MACE). Cardiovascular death was defined as presumed cardiovascular death, unexpected death and death from myocardial infarction, congestive heart failure, arrhythmia, stroke and other cardiovascular diseases, including pulmonary emboli and abdominal aortic aneurysm rupture. MACE was defined as cardiovascular death, nonfatal myocardial infarction and nonfatal stroke. Participants were followed for a maximum of 13 years.
All prescribed medications that participants were using regularly, including aspirin and NSAIDs, were confirmed at baseline. NSAIDs comprised both nonselective and COX-2-selective NSAIDs.
| Statistical analysis
Comparisons were made between patients using and those not using aspirin. Hazard ratios (HRs) for mortality, with 95% confidence intervals (CIs), were calculated using Cox proportional hazard models to compare the time to occurrence of outcome events in the subgroups of aspirin users and nonusers, separately in patients using and not using NSAIDs. To confirm the robustness of results, several multivariable adjustments were made. In addition, propensity score-matched analyses were performed to confirm results of the primary outcome.
All statistical analyses were conducted using Stata software (version 14.1, Stata Corp, College Station, Texas). A P value of <0.05 was considered statistically significant for all tests.
| RESULTS
| Baseline characteristics
The present study included 3197 patients who were not using NSAIDs and 403 patients who were using NSAIDs. Among patients using NSAIDs, those using aspirin were associated with a lower proportion of women, more use of statins, and lower levels of glycated haemoglobin and low-density lipoprotein cholesterol; other characteristics were similar between those using and not using aspirin ( Table 1 ).
| All-cause, cardiovascular and noncardiovascular mortality
The overall mean (SD) follow-up period was 8.8 (2.5) years and 944 patients died. All-cause mortality rates (per 1000 person-year) were 30.0 and 28.0 in patients not using and those using NSAIDS, respectively. Among patients not using NSAIDs, the risk of allcause mortality was significantly lower in those using aspirin than in those not using aspirin ( Figure S1 ). Among patients using NSAIDs, the risk of all-cause mortality did not differ significantly between those using and those not using aspirin. After multivariable adjustments, the risk of all-cause mortality in patients not using NSAIDs was significantly lower in those using aspirin than in those not using aspirin (adjusted HR in model 1, 0.81; 95% CI, 0.70-0.93; P = 0.003; adjusted HR in model 2, 0.80; 95% CI, 0.69-0.93; P = 0.002; adjusted HR in model 3, 0.80; 95% CI, 0.69-0.93; P = 0.003) ( Table 2 ). In patients using NSAIDs, the adjusted risk of all-cause mortality did not differ significantly between those using and those not using aspirin. There were significant interactions between the use of aspirin and the use of NSAIDs in all three multivariable models (P for all interactions <0.05). Propensity score-matched analyses with well-balanced baseline characteristics between the two groups did not alter the results (Table S1 and Figure S2 ). In addition, the risk of all-cause mortality in patients not using nonselective NSAIDs was significantly lower in those using aspirin than in those not using aspirin (adjusted HR in model 3, 0.81; 95% CI, 0.70-0.94; P = 0.004), whereas that in patients using nonselective NSAIDs did not differ significantly between those using and those not using aspirin (adjusted HR in model 3, 1.51; 95% CI, 0.84-2.72; P = 0.16) (P for interaction <0.05).
Similarly, the risks of cardiovascular and non-cardiovascular mortality in patients not using NSAIDs were significantly lower in those using aspirin than in those not using aspirin, whereas these risks in patients using NSAIDs did not differ significantly between the two groups ( Figure S3 and Table 2 ).The analyses limited to patients with major cardiovascular diseases or coronary heart disease showed similar results. Regarding MACE ( Figure S4 ), no T A B L E 1 Baseline characteristics of type 2 diabetic patients with a history of clinical cardiovascular disease using and not using nonsteroidal anti-inflammatory drugs 
| DISCUSSION
Aspirin acts by irreversibly acetylating the serine residue at position 529 in platelet COX-1 and inhibits thromboxane production by platelets, 6 which results in inhibition of platelet aggregation and a lower risk of cardiovascular events, particularly in patients with a history of cardiovascular disease. 1 with co-administration of aspirin and ibuprofen. 11 In addition, no study evaluated whether NSAIDs interfere with the well-established beneficial effects of aspirin in diabetic patients with a history of cardiovascular disease. Specifically considering this patient group, the present study revealed that aspirin use was associated with lower mortality only in those not using NSAIDs; in patients using NSAIDs, no beneficial effect of aspirin was identified. These results suggest that the effects of aspirin are attenuated by use of NSAIDs. In diabetic patients with a history of cardiovascular disease, our findings indicate that the best choice of treatment would be to minimize the use of NSAIDs. Notably, the present study also demonstrated that the use of aspirin was associated with a decreased risk of noncardiovascular mortality that was attenuated by concomitant use of NSAIDs. Several studies have suggested that aspirin use reduces the incidence of cancer and of non-cardiovascular and cancer mortality. 13 Some studies using animal models suggested that these effects are mediated, in part, by inhibition of the COX enzymes and reduced production of inflammatory mediators. 13 Hence, our results should be confirmed by larger-scale studies with detailed information concerning the use of NSAIDs. Third, the management of diabetes has changed since the ACCORD study was initiated. The residual risk is decreasing because of additional effective therapies, such as increased use of statins and sodium glucose cotransporter 2 inhibitors. Thus, it remains unknown whether the same results would be obtained in a more contemporary cohort.
Fourth, detailed information regarding the doses of aspirin and the doses and types of NSAIDs is lacking. A recent study revealed that low doses (75-100 mg) of aspirin were effective in preventing cardiovascular events only in patients weighing less than 70 kg, whereas high doses (≥325 mg) of aspirin were effective only in patients weighing 70 kg or more. 15 Those findings were consistent in diabetic patients. In addition, the pharmacodynamic interactions that occur in platelets may differ according to the different types of NSAIDs involved. 6, 10 Moreover, the timing of aspirin and NSAIDs use may also influence the results. 6 Further studies with more detailed information about NSAIDs are needed to reveal the interactions between aspirin and NSAIDs.
In conclusion, the present study demonstrated that, in type 2 diabetic patients with a history of cardiovascular disease, aspirin use is beneficial for those who are not using NSAIDs but is not beneficial for those who are using NSAIDs. To fully derive the benefits of aspirin and avoid the increased risk of cardiovascular events, more attention should be paid to the use of NSAIDs.
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